dence, the EBV-positive rate appears to vary with the level of socioeconomic development of the country, being lower in developed countries compared with developing countries. In childhood HD, variation of the EBV-positive rate is also apparent (Glaser et al, 1997) . However, international differences in EBV-positivity may not be attributable solely to environmental factors such as deprivation, since substantial genetic variation also exists between the populations studied. Therefore, studies based within a smaller region of a single country may be more informative with regard to the specific factors responsible for variation in the EBV-positive rate within HD.
In an earlier study of predominantly adult cases within a multi-ethnic region of the United Kingdom (Flavell et al, 1999) , we were able to show that EBV-positive HD was associated with a higher level of relative deprivation compared with EBV-negative HD cases, although we were unable to adjust for an individual's ethnic origin. The aim of the present study therefore, was to examine the effect of material deprivation and ethnic group on the EBV-positive rate in childhood HD from a single area of the United Kingdom. Material deprivation was measured in terms of Townsend score and the individual components of the Townsend score were also analysed separately to investigate if any of these were associated with the risk of EBV-positivity. This should enable further definition of the factors within such populations that could be responsible for the variation in the EBV-positive rate in childhood HD.
MATERIALS AND METHODS

Study area
The study area was the West Midlands National Health Service (NHS) Region, which according to the Office of National Statistics at the 1991 census contained 1 003 754 children under 15 years, 98 177 (9.8%) of whom were 'South Asian' (i.e. ethnic groups 'Indian', 'Pakistani' or 'Bangladeshi'). South Asians comprise the largest single ethnic minority group in the United Kingdom.
Patient characteristics
All cases of HD in children under 15 years of age at diagnosis, residing in the study area between 1981 and 1999, were eligible for inclusion in the study. The case series consisted of eligible cases, identified by the West Midlands Regional Children's Tumour Registry (WMRCTR), for whom archival pathological material (paraffin wax-embedded tissue blocks) were available. The WMRCTR is a population-based registry that routinely reviews the pathology of HD and other tumours. Patient data (date of birth, date of diagnosis, sex, ethnic group, histological subtype, disease stage, social class, birth order, number of siblings and residential postcode at diagnosis) were extracted from medical notes by the WMRCTR. Ethnic group was recorded as one of 3 categories; 'White', 'South Asian' (ethnic groups 'Indian', 'Pakistani' or 'Bangladeshi') and 'Other' (including 'Black', 'Oriental' and 'mixed race'). Histological subtype was classified according to the Rye system (Lukes et al, 1966) and based upon consensus morphology as determined by the WMRCTR.
The social class of the patient was derived from the occupation of the main income earner of the family, coded using the Standard Occupational Classification (OPCS, 1991) . The effect of the patient's birth order and the number of siblings at diagnosis were also investigated, as these factors, along with overcrowding are thought to affect patterns of childhood infection (Gutensohn and Cole, 1981) .
For quantifying material deprivation, a 1991 census-based deprivation measure, the Townsend score, was employed. This score is derived from the Enumeration District (the smallest unit of population for which data were available) in which the patient resided at diagnosis, as determined from the patient's postcode. The Townsend score is a widely accepted indicator of material deprivation (Morris and Carstairs, 1991) and is calculated from the following 4 variables (Townsend et al, 1988 
Detection of latent EBV infection
4 µm paraffin sections were prepared, deparaffinized and washed in phosphate-buffered saline pH 7.6. Immunohistochemistry for LMP1 was performed to detect the presence of EBV infection in the malignant HRS cells of HD. The Biogenex StrAviGen Multilink kit (Biogenex Ltd. Cat no. LP000-U-L) was employed using the primary monoclonal antibody reagent, CS1-4, diluted 1:25 in phosphate-buffered saline (Murray et al, 1996) . Prior to immunostaining, sections were pre-treated by pressure cooking for 2 minutes in 0.01 M citrate buffer pH 6.0. Positive controls for LMP1 consisted of known LMP1-expressing tumours, including HD tissues, processed in the same way as test samples. Negative controls consisted of consecutive test sections in which primary antibody was replaced with buffer. Tumour specimens were recorded as either EBV-positive (LMP1 present within HRS cells) or EBV-negative (LMP1 not detectable in HRS cells).
Statistical methods
The Mann-Whitney U test was used to detect differences between EBV-positive and EBV-negative groups for Townsend score. Chisquared test with Yates' continuity correction (1 df) (or 2-sided Fisher's exact test where numbers were small) was used to evaluate differences in the distribution of patient and disease characteristics between the EBV-positive and EBV-negative groups. Logistic regression analysis was used to determine which factors were independently associated with EBV-positive status. Analyses were repeated excluding unclassifiable cases and those of the lymphocyte predominant (LP) subtype as LP disease is believed to be an entity distinct from classic HD (Harris et al, 1994) . All analyses used SPSS Version 9 (SPSS Inc., Chicago, USA) and differences were deemed significant if the P value was less than 0.05.
RESULTS
Between 1981 and 1999, 113 cases of HD were diagnosed in children under 15 years old who were resident in the West Midlands NHS Region. Of these eligible cases, pathological material from 58 cases were available from the WMRCTR.
Representativeness of the case series
The distribution of patient characteristics for cases that were and were not included in our case series is shown in Table 1 . The case series was more likely to contain recently diagnosed cases (P = 0.006) and those who were diagnosed and treated at the Region's paediatric oncology centre (P = 0.002) in Birmingham. Ethnic minority groups, most of whom reside in the West Midlands county rather than in the surrounding shires, were also over-represented (P = 0.001). However, no significant differences were found in age, sex, disease stage or histological subtype.
EBV status and patient characteristics
EBV status was unequivocally determined for 55 of the 58 (95%) samples examined (3 cases were excluded where contradictory initial results could not be resolved due to a lack of pathological material). EBV-positivity was found in 62% (34/55) of cases (Table 2) . EBV-positive status was strongly associated with ethnic group (95%; 18/19 of South Asians were positive compared with 44%; 16/36 of non-South Asians, P < 0.001). Males were also more likely than females to be EBV-positive, though this did not reach significance (70%; 26/37 compared with 44%; 8/18 respectively, P = 0.081). EBV status was unaffected by age and disease stage. Of the classifiable subtypes mixed cellularity (MC) had the highest percentage of EBV-positive tumours at 75% (6/8), compared with 66% (21/32) of nodular sclerosis (NS) and 38% (5/13) of LP, but these differences were not significant (P = 0.186).
EBV status, ethnicity and material deprivation
The Townsend scores for the case series ranged from -4.9 to +7.8 (median +1.1, interquartile range -1.8 to +3.9). The EBV-positive group was associated with higher relative deprivation scores (median score of +3.2) compared with the EBV-negative group (median score of -0.4) and this difference between groups was significant (P = 0.015, Table 3 ). The same pattern was observed when the sexes were examined separately (males EBV-positive median score +3.0, EBV-negative -0.8, P = 0.009; females +4.0, +0.4, P = 0.657), though the difference was significant only for the males. Similarly, when the series was grouped by age-band, the Townsend scores were higher in the EBV-positive than in the EBV-negative patients in both age categories (0-9 years +3.5, -1.8, P = 0.052: 10-14 years +3.2, -0.4, P = 0.167) and was of borderline significance for the 0-9 year olds.
After grouping the sample into 4 quartiles (using SPSS's categorization routine) based on increasing Townsend score, a significant trend (P = 0.025) was observed (Table 2) , with EBV-positive cases being more common in the more deprived quartiles. However, no significant association was found between EBV status and social class. EBV-positivity was not associated with birth order, but children having 2 or more siblings were significantly more likely to be EBV-positive (74%; 23/31 compared with 37%; 7/19, P = 0.016).
Logistic regression was then used to derive odds ratio estimates of the relative risk of EBV-positivity for each individual factor (Table 4) . Ethnic group was the single factor most strongly associated with EBV-positivity, with South Asians having a more than 20-fold risk of being EBV-positive compared with non-South Asians. While the relative risk of EBV-positivity showed a gradient with increasing Townsend score, there was a notable rise for the most deprived quartile, where the risk was 7-times as high as in the least deprived group. Cases having 2 or more siblings were 5-times as likely to be EBV-positive as those from smaller families.
However, after adjusting for the effects of ethnic group, the only factor independently associated with EBV-positivity was sex, with males having more than 4-times the risk of EBV-positivity as females. A high Townsend score was no longer significantly associated with EBV-positivity, though the odds ratio was 3.1 (95% CI 0.4-24.2) for the most deprived quartile. The magnitude of the ethnic effect was similar in all models, the point estimate of the odds ratio ranging from 17.1 to 30.8 and the lower 95% confidence limit of the odds ratio never falling below 2.0, indicating at least a doubled risk of EBV-positivity in South Asians. The analysis also adjusted for Townsend score (as a continuous variable). Ethnic group was independently associated with EBVpositivity with an odds ratio of 17.1 (95% CI 2.0-146.7) indicating that irrespective of the level of deprivation, ethnicity is still a risk factor for EBV-positivity. The number of siblings was also a risk factor independent of deprivation, although not when ethnicity was controlled for.
A logistic regression analysis was performed using the individual components of the Townsend score, as continuous variables. Ethnic group was still the strongest predictor of EBV status, followed by sex. When odds ratios for the 4 individual components of the Townsend score were calculated, the only significant risk factor was unemployment (Table 4) but this was no longer significant when ethnicity was controlled for. After exclusion of LP and unclassifiable subtypes, 40 cases remained. Higher relative deprivation scores were observed for EBV-positive compared with EBV-negative patients from this subgroup (median scores of +3.3 and +0.3 respectively) but this difference was not significant (P = 0.091). On univariate analysis of these patients the only factors significantly associated with EBV-positivity were ethnic group (odds ratio 12.9; 95% CI 1.5-113.7) and the unemployment measure (odds ratio 1.1; 95% CI 1.0-1.2). After adjusting for ethnic group, age (in years) was the only factor independently associated with EBV-positivity (odds ratio 0.8; 95% CI 0.6-1.0). After adjusting for Townsend score, ethnic group was the only factor independently associated with EBV-positivity (odds ratio 10.9; 95% CI 1.2-98.6).
DISCUSSION
International differences in the EBV-positive rate in childhood HD may suggest a role for socioeconomic factors in the aetiology of EBV-positive childhood HD (Glaser et al, 1997) . However, numerous other factors vary between countries and adjustment for some of these variables reduces the apparent impact of geographical differences (Armstrong et al, 1993; Razzouk et al, 1997) . Through the use of a population-based study of a region within a single country, we have been able to control for many of these variables. Since some ethnic minority groups in the United Kingdom are known to be more materially disadvantaged than other ethnic groups, adjustment for ethnic group is necessary when studying deprivation.
The most important factor found to affect EBV status in our analysis was ethnic group, even after adjusting for material deprivation. Ethnic differences were reported in a Malaysian study where Indians were found to have the highest percentage of EBVpositive cases compared with Chinese and Malay patients (Peh et al, 1997) . Ethnic or racial variation in EBV-positive rates in HD have also been demonstrated in the USA, where EBV-positive cases were found to be more common in Hispanic American chil- dren than in black or white American children with HD (Ambinder et al, 1993) . While several earlier studies in the United Kingdom have indicated that South Asian children, particularly those aged 0-9 years, have a higher risk of developing HD than their white counterparts (Stiller et al, 1991; Powell et al, 1994) , EBV-positive rates were not examined.
Only one study has examined the effects of both ethnic group and deprivation (indicated by the per capita gross national product) on the frequency of EBV-positivity in childhood HD (Glaser et al, 1997) and this international comparison found that the 2 factors were independent predictors of the risk of EBV-positive Hodgkin's disease. We have shown significantly higher levels of relative deprivation (higher Townsend scores) in the EBV-positive childhood HD cases compared with EBV-negative cases. This was similar to our previous results on a series of predominantly adult patients (Flavell et al, 1999 ) from which only 7 children were included in the present study. While this association was no longer significant after adjusting for ethnic group, the most deprived quartile (Townsend score greater than +3.7) still showed a 3-fold relative risk of EBV-positivity compared with the least deprived quartile. This suggests that within a single geographical region, socioeconomic factors could contribute independently of ethnicity to the association of EBV-infection with childhood HD.
We found no significant association between EBV status and social class. While social class (derived from individual data) might be expected to reflect deprivation more accurately than the Townsend score (a group measurement), there is a need to consider which specific aspects of deprivation are most likely to influence EBV status. We observed a 5-fold increased risk of EBV-positivity among children having 2 or more siblings, though this effect was reduced after adjusting for ethnicity and deprivation. The Townsend score contains a measure of 'overcrowding', and in developed countries where parasitic disease and malnutrition are rare, overcrowding may be the specific aspect of deprivation that is most closely linked to EBV infection. However, when the individual components of the Townsend score were analysed by univariate analysis, unemployment was the only significant risk factor. When interpreting these results one must consider that the Townsend score (and its individual components) is based on a single year's census data and must necessarily become less accurate as one moves away from the census year.
The EBV-positive rate in our study was higher in males than females, as has been shown by others (Preciado et al, 1995; Andriko et al, 1997) . In addition, both male and female children with EBV-positive HD had higher median Townsend scores than their EBV-negative counterparts. This difference was significant in the males. The association between deprivation and EBVpositivity was stronger in children under 10 years of age, than those aged 10-14 years, although the EBV-positive rates were similar (Table 3) in each age group. Conflicting data on EBVpositive rates with age exist, with some observing higher EBV-positive rates in younger children (Jarrett et al, 1996; Armstrong et al, 1998) , whilst others have shown similar EBVpositive rates for each childhood age group (Weinreb et al, 1992) . These differences could be explained by small numbers in some of the cases series (Armstrong et al, 1998) or may reflect differences in the composition of cases between series.
It has been suggested that the LP subtype is usually an EBVnegative disease (Harris et al, 1994) . We identified 38% of LP cases as EBV-positive. Inconsistencies in the classification of LP by morphology have been identified (von Wasielewski et al, 1997) and may account for these discrepancies. LP usually has an immunophenotype distinct from the other classic subtypes of HD (Harris et al, 1994) . Due to the lack of availability of tissue sections, we were not able to produce complete immunophenotypic profiles from all LP cases and we therefore performed statistical analyses with and without the LP and unclassifiable cases. The overall trends were the same for both groups and ethnicity remained the most significant predictor of EBV status before and after controlling for deprivation.
In conclusion, the results of this population-based study provide the first evidence of a strong association between EBV-positive HD and South Asian children from the United Kingdom. This was still significant after adjusting for deprivation. We have also demonstrated an association between material deprivation and EBV-positivity and this trend was still evident after adjusting for ethnicity, since the likelihood of EBV-positive disease was still increased in the most deprived patients.
